The mandible is one of the bones most affected by facial fractures commonly resulting from trauma to the face. The ultimate goal of treatment is to re-establish the pre-injury dental occlusion (bite), mandibular anatomy and jaw function of the patient. Treatment approaches range from conservative non-invasive management by 'closed' reduction and immobilization using intermaxillary fixation (IMF) to the more invasive surgery-based 'open' reduction incorporating an internal fixation approach. Purpose: The purpose of this case series was to describe the close reduction method as a form of treatment in cases of neglected mandibular fracture. Cases: Four cases of single or multiple mandibular fracture were presented. Case management: All of the cases were managed using a closed reduction method and IMF. Conclusion: A closed reduction method in this case series produced encouraging results and could be considered an alternative in the treatment of neglected mandibular fractures with displacement.
INTRODUCTION
The mandible, despite being the largest and strongest facial bone, is one of the most affected by fractures with an incidence rate of 36-70%. These occur most frequently to males in their thirties as a result of a facial trauma. [1] [2] [3] Assault constitutes the most common cause of mandibular (jaw) fractures at 48-65%, followed by motor vehicle accidents, falls and gunshot wounds. 1, 4 This high rate of fractures can be explained by the unique characteristics of the mandible such as its prominence, unprotected facial position, mobility and limited bone support when compared to other facial bones. 3, 5, 6 The mandible is the only mobile facial bone and in cases of injury to the maxillofacial region it is more vulnerable than the mid-face to fractures. 7 Depending on the direction and force of the trauma, fractures of the mandible frequently occur at different sites. 7 The most commonly fractured areas are the body (29%), followed by the condyle (26%), angle (25%), and symphysis (17%), while the ramus (4%) and coronoid process (1%) are rarely fractured. The most common causes of fractures to the condyle, symphysis and angle include car accidents, motorcycle accidents, and physical assault respectively. 8 Mandible fractures can be complete or incomplete, open or closed, single, double, or comminuted and the result of direct or indirect mechanisms. 4 Depending on the location of the fracture, the patient can present with pain exacerbated by jaw movement, trismus, dental malocclusion, swelling, bleeding, external and intraoral tenderness, dysphagia, and step deformity at the fracture site. 2, 8 Damage to the inferior alveolar nerve may induce anesthesia in the lower lip. 8 Furthermore, mandibular fractures can cause a variety of impairments, including temporomandibular joint syndrome, poor mastication, malocclusion, and chronic pain. 6 The ultimate goal of treatment is to re-establish the preinjury dental occlusion (bite), mandibular anatomy and jaw function of the patient. 2 or closed depending on the presence or absence of direct visual access to the fracture site. Closed reduction allows manipulation of the fracture segments taking advantage of dental occlusion without direct visual access, whereas open reduction involves direct visual access to the fracture site through a surgical incision. Closed reduction and maxillomandibular fixation may be performed using splints in the form of bonded orthodontic brackets, arch bars, direct wires or eyelet wires. Open reduction and internal fixation involves the use of wires, plates and other hard-wares placed directly across the fractured site by means of surgical access. 10 Treatment of mandible fractures with a closed reduction method is referred to as non-surgical treatment, while the fracture treatment performed without surgical procedures by manual repositioning of the fragment, gradual repositioning of the teeth and immobilization of the jaw using intermaxillary fixation (IMF), is commonly termed maxillomandibular fixation (MMF). 11 In order to achieve optimum results, the management of neglected mandible fractures with large displacement is ideally performed using open reduction internal fixation (ORIF). However, if the patient refuses to be treated with the ORIF method due, for example, to socio-economic reasons, or limitations on general anesthesia facilities exist, then the close reduction method could represent an alternative treatment option. Conservative treatment, when properly indicated, allows for appropriate patient recovery, while reducing both surgery-related morbidity and the cost of resources. 3 This case series aims to provide information on successful treatment involving the use of the close reduction method in four cases of neglected mandibular fracture.
CASES
Case 1: a 13-year-old male attended the Dental Hospital of the Faculty of Dental Medicine at Universitas Airlangga complaining chiefly of difficulty in chewing and closing his mouth as the result of a traffic accident 11 days earlier. The patient had been thrown off a moving motorcycle, his chin subsequently making hard contact with the asphalt. The patient was examined in hospital shortly after the accident without any treatment having been initiated. The individual in question had a history of fainting during the incident, although this was not accompanied by resulting nausea or vomiting. Moreover, he had no history of diabetes or drug allergies.
Extraoral examination confirmed facial asymmetry and swelling of the mandibular region, right superior palpebral hematoma and the right maxillary region, mandibular retrusion, limited mouth opening, step-off deformities and tenderness on palpation in the right mandibular parasymphysis region ( Figure 1 in the left mandibular condyle region. Following clinical and radiological examination, this case was diagnosed as fractures to the left mandibular angle and condyle. Case 3: A 41-year-old male came to dental hospital of the Faculty of Dental Medicine at Universitas Airlangga with the chief complaints of difficulty in closing the mouth and gingival injury due to being hit on his chin and cheek by a stranger since three days prior to attending the hospital.
Extraoral clinical examination showed facial asymmetry, swelling in the left parasymphysis and mandibular ramus region, deviation of the mandible to the right during mouth opening, as well as step off deformity in the parasymphysis and left mandibular ramus region with tenderness on palpation ( Figure 5 ). Intraoral clinical examination confirmed limited mouth opening, laceration to the gingival mucosa of the anterior labial mandible, malocclusion, anterior and posterior open bite, fracture with displacement in the 31 and 33 regions, step off deformity of ±3 mm, and instability in the left posterior mandibular region. A panoramic radiograph showed a fracture line stretching mesially in the left parasymphysis mandible from tooth 33, and in the region of the ascending ramus of the left mandible to the left mandibular coronoid process ( Figure  6 ). Following clinical and radiological examination, this case was diagnosed as left parasymphysis and ascending ramus of the mandible fracture.
Case 4: A 23-year-old male presented the chief complaint of difficulty in chewing and closing the mouth due to a motorcycle accident six days prior to attending the hospital. Extraoral examination revealed laceration to the right anterior mandible region (Figure 7) . Intraoral examination confirmed discontinuity in the symphysis region and malocclusion (Figure 8) . A panoramic radiograph indicated the presence of a fracture line in the symphysis region, an anterior comminuted mandible fracture, and a left subcondylar fracture (Figure 9 ). On the basis of clinical and radiological examination, this case was diagnosed as one of mandibular symphysis fracture, comminuted anterior mandible fracture, and left subcondylar fracture.
CASE MANAGEMENT
Case 1: closed reduction was performed using an arch bar in the teeth 15 to 26, 35 to 41 and 42 to 45 regions, while elastic bands were employed to reposition bone fragment.
During the first three days, elastic band application was performed laterally to reposition two separate bone fragments. During the subsequent three days, the traction direction was changed first to anterior and then to medial until the 20 th day. The IMF was subsequently changed using wire in the anterior and posterior region up to the 34 th day, which was then replaced by elastic bands up to the 48 th day. At that point, the IMF was removed, and the patient instructed to perform mouth opening and closing exercises in addition to following a soft diet for the ensuing two weeks. On the 86 th day, the subject presented no facial asymmetry ( Figure 10 ) and normal occlusion (Figure 11  and 12 ). Case 2: closed reduction was performed using an arch bar on the teeth 16 to 26 and 37 to 46. After direct repositioning, fracture fragment stabilization was performed with IMF by means of elastic bands. Facial asymmetry was corrected on the third day, there was no open bite on the tenth day, centric occlusion was achieved on the 17 th day, and step off deformity or crepitation in the angle and condyle mandible was absent on the 28 th day. Following removal of the IMF, the patient was instructed to perform mouth opening and closing exercises. On the 45 th day, he did not report any pain and demonstrated a normal ability to close his mouth and masticate ( Figure 13 ). Case 3: debridement and suturing of wound laceration were first performed followed by closed reduction using an arch bar in the teeth 17 to 27 region, and 37 to 47 region. After direct repositioning, fracture fragment stabilization was performed with IMF using elastic bands. Facial asymmetry was corrected during the 1 st week, while no anterior or posterior open bite was evident during the 4 th week. Following removal of the IMF during the 8 th week, the patient was instructed to performed mouth opening and closing exercises for a period of four weeks. During the 12 th week, he demonstrated the ability to open and close his mouth normally ( Figure 14) . Moreover, a panoramic radiograph failed to detect a fracture line (Figure 15 ). Case 4: closed reduction by means of an arch bar was performed for six weeks and IMF for four weeks. A two-week regime of mandible movement exercises was prescribed for the patient. The aim of this treatment included pain alleviation, accepted occlusion, maximum intercuspation (35-40 mm), and facial symmetry. On the 40 th day, no anterior or posterior open bite was observable, while the subject demonstrated the ability to open and close mouth his normally during the 8 th week ( Figure  16) . Evaluations conducted over a period of three months confirmed no post-treatment complications.
DISCUSSION
Regardless of age, the pre-injury skeletal and dentoalveolar anatomy and function have to be re-established by anatomic reduction of fractures due to occlusion. 12 Treatment approaches range from conservative non-invasive management by 'closed' reduction and immobilization using intermaxillary fixation (IMF), to the more invasive surgical 'open' reduction with internal fixation approach. 2 Mandibular fracture without displacement and malocclusion are managed by close observation, a liquid to soft diet, avoidance of physical activities and analgesics. 12 Intermaxillary mandibular fixation (IMF) reestablishes the patient's pre-surgery occlusion and, in certain cases, can stabilize the bone sufficiently to enable healing to take place. This technique can be performed in cases such as those involving favorable fractures, stable occlusion with sufficient dentition, and multiple small comminuted fractures. 13 This case series report discusses complex neglected mandible fractures. All four patients agreed to be treated with the closed reduction technique, although ideally an open reduction method using ORIF was adopted to obtain maximum results. In these cases, the closed method was suitable as an alternative treatment choice.
In the first and second cases, the mandible fracture occurred in adolescence which constitutes an ongoing development period. The management of pediatric mandibular fractures differs from those occurring in adults because of the need to consider ongoing growth and developing dentition. 13 In children, not every fracture needs an open reduction and internal fixation. Moreover, the surgeon must contemplate the interplay between fracture location and both bony growth and dental development in order to chose an intervention that reduces the potential for long-term impairment and deformity. 14 Growth can support the objective of restoring form and function, especially in children. Treatment should be designed to support, rather than interfere with, this biological process. 13 Children have greater osteogenic potential and demonstrate more rapid healing rates than adults. Therefore, anatomic reduction must be accomplished earlier and immobilization time should be shorter (2 weeks versus 4-6 weeks in adults). 12 This is consistent with the opinion of Chrcanovic who said that, for many authors, conservative treatment of pediatric facial fractures has been the standard care due to the high osteogenic potential of facial bones in children. The early healing of fractures occurs with significant subsequent remodeling under the influence of the forces of mastication. 15 According to Goodday, 13 because of the high elasticity of the pediatric mandible, there is typically minimal displacement of the fracture fragments, rendering the injury amenable to a closed reduction. In contrast to adults, many pediatric mandibular fractures can be treated with conservative measures such as a soft diet alone. 14 According to Goth, 16 a period of two to three weeks of MMF in children younger than 12 years is sufficient. After the age of 10, the development of permanent teeth provides for safer wire anchors. However, because children develop at different rates, the strength of the teeth should be carefully evaluated before any type of wire placement is installed. However, according to Der-Martirosian, 1 patients frequently reject the treatment recommended by the clinician, either because they do not view positively the benefits of the treatment or because the risk and potential harmful side effects are perceived to be more serious than anticipated by clinicians. Occasionally, a residual facial scar was the most frequently expressed concern with regard to surgical treatment as observable in the third and fourth cases. Standard treatments that were used to repair mandibular fractures in this cases were non-surgical and referred to as MMF, and in most adults mandibular fractures require 4 to 6 weeks of stabilization by means of jaw wiring. 1, 13 In general, patients with nondisplaced or minimally displaced fractures may be managed conservatively through a combination of close observation, soft diet, analgesics, and activity precautions. 9, 17 The adoption of a simple method would reduce complications related to the treating of mandible fractures because open reduction increases the risk of morbidity.
Patients who chose the closed reduction method treatment had to be capable of cooperating on the basis of a regular follow-up schedule and to evaluate previous treatment results to ensure that no unintended movement changes occurred. Closed reduction method in this series of cases produced encouraging results and it could be considered as an alternative to the treatment of neglected mandibular fracture with displacement.
